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Abstract. – OBJECTIVE: MicroRNAs (miR-
NAs) have been demonstrated to play a central 
role in development and progression in various 
cancers including glioma. This study aimed to 
determine the expression level of miRR-599 in 
glioma and to further investigate its clinical sig-
nificance.

PATIENTS AND METHODS: The expression 
levels of miR-599 were evaluated in 184 paired of 
glioma and normal tissues by Real-time RT-PCR. 
The correlation between tumor miR-599 expres-
sion and the clinical and pathological features 
was analyzed using x2 test. Overall survival and 
progression-free survival curves were obtained 
using the Kaplan-Meier method. Cox regression 
analysis was conducted to analyze the prognos-
tic value of miR-599.

RESULTS: We observed that miR-599 expres-
sion was significantly downregulated in glioma 
compared with the adjacent noncancerous tis-
sues (p < 0.01). Correlation analysis revealed 
that miR-599 downregulation was significantly 
correlated with KPS (p = 0.000), WHO grade (p 
= 0.003) and recurrence (p = 0.039). Moreover, 
Kaplan-Meier analysis confirmed that low miR-
599 expression was related to decreased and 
overall survival (p = 0.002) and progression-free 
survival (p = 0.001). Then, multivariate analysis 
revealed that miR-599 was an independent prog-
nostic indicator for overall survival (p = 0.006) 
and progression-free survival (p = 0.003).

CONCLUSIONS: Our data, for the first time, 
demonstrated that miR-599 expression in glio-
ma could be a useful prognostic marker.
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Introduction

Gliomas, the most common primary malignant 
brain tumors in adults, are derived from glial 
cells that surround and support neurons in the 
brain1,2. In China, the incidence of glioma incre-
ased in the past decade3. In recent years, glioma 
accounts for 30% of all brain tumors and 80% of 
all malignant brain tumors4. So far, surgery, fol-

lowed by radiotherapy and chemotherapy, was the 
standard treatment5. Despite the great progress 
in therapeutic technologies, the survival rates of 
patients with high-grade gliomas are <10% at 5 
years6,7. The poor outcome of glioma patients has 
been associated with the appearance of metastasis 
and recurrence8. Thus, it is important to develop 
novel prognostic markers, which might improve 
the current prognostic models and guide thera-
peutic strategies. MiRNAs are a family of small 
non-coding RNA molecules that are 18-25 nu-
cleotides in length and regulate gene expression 
by targeting 3′-UTR of target mRNA9. miRNAs 
have been shown to play an important role in the 
regulation of cell differentiation, proliferation 
and apoptosis10. In recent years, more and more 
evidence indicated that miRNAs were involved 
in the development and progression of various 
tumors11. Importantly, a number of studies have 
confirmed that some miRNAs expression was 
abnormal in different types of tumors, such as 
lung cancer12, cervical cancer13 and glioma14. In-
deed, growing evidence showed that miRNAs 
play tumor suppressors or oncogenes in different 
tumors. Recently, dysregulation of miR-599 was 
found in some different tumors. However, the ef-
fects seem not to be consistent. Upregulation of 
miR-599 promoted non-small cell lung cancer cell 
invasion15. On the contrary, miR-599 served as tu-
mor suppressor in hepatocellular carcinoma16 and 
breast cancer17. Zhang et al18 firstly reported that 
miR-599 was lowly expressed in glioma. Howe-
ver, to our best knowledge, its prognostic value 
has not been reported.

Patients and Methods

Patients and Tissue Samples
A total of 184 patients were analyzed in this 

study and underwent resection of their primary 
gliomas at Linyi People’s Hospital between 2007 
and 2011. None of the patients received preope-
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rative chemotherapy or radiotherapy before sur-
gery. All samples were diagnosed in accordance 
with the World Health Organization criteria. The-
re were 99 males and 85 females, aged from 29 
to 72 years old, with a median age of 51 years. 
Follow-up data were conducted using hospital 
medical records and telephone interviews. The 
clinicopathological information of the patients is 
shown in Table I. The experimental protocol was 
approved by the hospital Ethics Committee and 
informed consent was obtained from all patients.

RNA Extraction and Quantitative 
Real-time PCR

Total RNA was isolated from tissues using TRIzol 
reagent and reverse transcribed by M-MLV reverse 
transcriptase kit (Invitrogen, Carlsbad, CA, USA). 
Quantitative PCR was performed using ABI 7500 Se-
quence Detection System (Life Technologies, Grand 
Island, NY, USA). GAPDH gene was used as an inter-
nal control for normalization. Data were collected and 
analyzed using the 2-ΔΔCt method for quantification of 
the relative miR-599 expression levels. The primers 
were used as follow: miR-599, sense 5’- GUUGUGU-
CAGUUUAUCAAAC-3’; antisense, 5’-CTCCATA-
TCGCACTTTAATCTCTAACT-3’; GAPDH, sense 
5’- TGC ACC ACCAAC TGC TTA-3’; antisense, 5’- 
GGATGCAGGGATGATGTT C-3’.

Statistical Analysis
SPSS 17.0 (SPSS, Chicago, IL, USA) was used 

for statistical analysis. The Student’s t-test was 
applied to determine the statistical significance 
of the observed differences between groups. Pe-
arson’s x2 test was used to compare the expression 
level of miR-599 and clinical variables. Survival 
curves were plotted by the Kaplan-Meier method 
and compared by the log-rank test. Multivariate 
analysis was performed using the Cox proportio-
nal hazard model. p < 0.05 was considered to be 
statistically significant.

Results

miR-599 is Downregulated in Glioma
To investigate whether miR‑599 was dysregu-

lated in glioma, we collected glioma tissues and 
matched normal tissues to detect the expression 
levels of miR-599 by PCR. As shown in Figure 1, 
we observed that levels of miR-599 were lower in 
glioma tissues than in corresponding non-neopla-
stic brain tissue (p < 0.01). These results indicate 
that miR-599 might be critical in glioma.

Correlation of miR-599 Expression and 
Clinical Parameters in Glioma

To explore the association between miR-599 
expression and the clinicopathological features of 
glioma patients, the expression levels of miR-599 
glioma tissues were categorized as low or high in 
relation to the mean value. As shown in Table I, 
miR-599 downregulation was significantly cor-
related with KPS (p = 0.000), WHO grade (p = 
0.003) and recurrence (p = 0.039). However, there 
was no association between miR-599 levels and 
other clinical features, such as age, gender, tumor 
location, necrosis and tumor size (all p > 0.05).

Prognostic Value of miR-599 in Glioma
In order to explore the prognostic value of miR-

599 expression in glioma, we analyzed 599 glioma 
patients with complete clinical follow-up. The results 
of Kaplan-Meier analysis revealed that patients with 
low expression of miR-599 had significantly shorter 
overall survival (OS) than the high expression group 
(p = 0.0002; log rank test, Figure 2). Furthermo-
re, we also found that patients with lower levels of 
miR-599 had poorer progression free survival (PFS) 
than those with higher levels of miR-599 (Figure 3, 
p = 0.0001). Subsequently, the clinicopathological 
factors were further examined using multivariate 
analysis. As shown in Table II, the data suggested 
that miR-599 was an independent prognostic indica-
tor for OS (p = 0.006) and PFS (p = 0.003).

Discussion

Glioma is a complex disease, involving va-
rious changes in gene expression19. Despite 

Figure 1. MiR-599 was significantly downregulated in 
glioma tissues compared with adjacent tissues (p < 0.01). 
MiR-599 expression levels were calculated by the 2-ΔCT 
method and normalized to GADPH.
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advances in standard therapy, including sur-
gical resection followed by radiation and che-
motherapy, to our disappointment, satisfactory 
therapeutic prognosis has not been realized20. 
Given the poor survival rate in glioma patients, 
it is urgent to identify novel biomarkers, whi-
ch can accurately predict outcome for glioma 

patients and guide treatment. Although many 
miRNAs have been well studied, the biological 
function of miR-599 in disease remains largely 
unknown. MiR-599 is located at 8q22.2 on hu-
man genome. Previous studies indicated a cri-
tical role for miR-599 in several cancer initia-
tion, promotion, and progression. For instance, 
miR-599 was reported to be downregulated and 
suppressed the migration and invasion by tar-
geting BRD4 in human breast cancer17. Tian et 
al16 found that miR-599 inhibited hepatocellu-
lar carcinoma cells proliferation, migration and 
invasion by targeting MYC. These findings re-
vealed miR-599 as a tumor suppressor in hepa-
tocellular carcinoma and breast cancer. Howe-
ver, recent findings by Tian et al15 showed that 
miR-599 acted as a potential tumor promoter 
and promoted non-small cell lung cancer cell 
invasion via SATB2. The different results in-
dicated miR-599 could serve as tumor suppres-
sor or tumor promoter according to the types 
of cancer. Importantly, Zhang et al18 reported 
that miR-599 was down-regulated in glioma 
tissues compared with adjacent normal brain 
tissues. Furthermore, in vitro and in vivo assay 
showed that up-regulation of miR-599 suppres-
sed proliferation and invasion by down-regula-
ting periostin expression. However, to our best, 
the clinical significance of miR-599 in glioma 
has not been reported. In the present study, we 
found that miR-599 expression level was signi-
ficantly lower in glioma tissues compared with 
non-neoplastic brain tissues. Furthermore, our 
data showed that miR-599 expression was signi-
ficantly associated with KPS, WHO grade and 

Table I. Association of miR-599 with clinicopathological 
characteristics of glioma patients.

 miR-599 expression (n)

Variable n Low High p

Age (years)    0.568
  ≤50 111 53 58 
  >50 73 38 35 
Gender    0.109
  Male 99 45 54 
  Female 85 46 39 
Tumor location    0.599
  Supratentorial 164 80 84 
  Infratentorial 20 11 9 
Necrosis    0.587
  Yes 29 13 16 
  No 155 78 77 
KPS    0.000
  < 90 87 56 31 
  ≥ 90 97 35 62 
Tumor size (cm)    0.116
  ≤ 3 133 61 72 
  > 3 51 30 21 
WHO grade    0.003
  I-II 105 42 63 
  III-IV 79 49 30 
Recurrence    0.039
  Yes 87 50 37 
  No 97 41 56

Figure 2. Kaplan-Meier analyses of OS were performed 
for all 184 patients with glioma according to miR-599 
expression (miR-599-High vs. -Low).

Figure 3. Kaplan-Meier analyses of PFS were perfor-
med for all 184 patients with glioma according to miR-599 
expression (miR-599-High vs. -Low).
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recurrence, suggesting that miR-599 might be 
involved in the carcinogenesis of glioma. More 
importantly, we proved that decreased miR-599 
expression contributed to poor OS and PFS. 
In the subsequent Cox regression analysis, we 
confirmed that miR-599 expressions were inde-
pendent predictors for OS and PFS of patients 
with glioma. Because of limit of the number of 
patients, further study of a larger case popula-
tion is necessary to further confirm our results.

Conclusions 

Combing with the previous findings, our fin-
dings clearly indicated that low miR-599 expres-
sion is associated with poor prognosis in glioma 
patients. In the further, miR-599 potentially ser-
ves as a prognostic biomarker, and may be a the-
rapeutic target in glioma.
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